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Abstract
Ali, Jeanelle Sonya. Ph.D. The University of Memphis. June 2017. Executive
Functioning and Transition to Adult Care among Youth with Sickle Cell Disease. Major
Professor: Frank Andrasik, Ph.D.
Rates of mortality and morbidity increase during adulthood among those with sickle cell disease
(SCD) and successful transition from pediatric to adult health care is considered a major factor in
the health outcomes among this population. However, little is understood about the predictors of
successful transition for these individuals. Executive functioning (EF) has been linked to
successful adaptation and transition to adult care among youth with some chronic illnesses;
however, the relationship between attention, EF, and successful transition to adult care among
youth with SCD has received no attention. Exploratory structural equation modeling (ESEM)
was used to examine the relationship between attention, EF, and transition from pediatric to adult
health care in a longitudinal sample of youth with SCD. Neuropsychology tests were
administered to 58 patients aged 16 - 18 years when receiving care at a mid-south Children’s
Hospital. All patients also completed a structured transition to adult care program at the same
hospital. Successful transition was defined as (1) time to first clinic attendance and (2) first clinic
attendance within 6 months of last pediatric appointment. An exploratory factor analysis
suggested that a two-factor solution was most useful, with factor loadings reflecting (1) Attention
and (2) Speed. However, the two latent factors did not predict transition to adult care. A post hoc
multivariate regression analysis indicated that Omission errors from the Conners’ Continuous
Performance Test-II (CPT-II) successfully predicted attendance of the first adult health care visit
within 6 months of the last pediatric health care appointment. As Omission errors scores
increased, patients were less likely to attend the adult clinic within 6 months. Our findings
suggest important relationships between inattention (as measured by Omission errors from the
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CPT-II) and transition to adult care. These findings highlight the need for further research on the
role of attention dysfunction in the successful adaptation and transition to adult care among
youth with SCD and other chronic illnesses. These results also support the need for effective
interventions, such as computer-based interventions for inattention or stimulant medications, for
youth with SCD.
Keywords: sickle cell disease, transition, executive functioning
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Executive Functioning and Transition to Adult Care among Youth with Sickle Cell Disease
Sickle Cell Disease (SCD) is the most prevalent genetic hematological mutation
worldwide (Berkelhammer et al., 2007; Piel et al., 2013; Schatz & McClellan, 2006). SCD
affects roughly 1 in every 365 African American newborns in the United States (Centers for
Disease Control and Prevention [CDC], 2016), and an estimated 100,000 Americans are
currently living with SCD (Hassell, 2010). SCD is characterized by red blood cells that
polymerize or collapse into a sickled shape, which reduces the ability of cells to carry oxygen
efficiently. The disease often results in hemolytic anemia and vaso-occlusive events (i.e., blood
clots; Schatz & McClellan, 2006; Wills et al., 2010). As such, people diagnosed with SCD
experience numerous medical complications, including pain (Yawn et al., 2014), increased
stroke risk (DeBaun et al., 2012), acute chest syndrome (Britto et al., 1998), and infections
(Hirst, 2012). Severe hemolytic anemia and vaso-occlusion can also lead to organ damage
(Gladwin, 2016) and cerebral vascular compromise beginning in early life (Behpour, Shah,
Mikulis, & Kassner, 2013; Gladwin, 2016).
Management of SCD among children is a complex process that typically involves several
pediatric outpatient appointments, antibiotic prophylaxis administration, hydroxyurea use,
chronic blood transfusions, Transcranial Doppler (TCD) testing, and pain management (Nottage
et al., 2013; Wang & Dwan, 2013; Yawn et al., 2014). Medical complications among children
with SCD can lead to frequent emergency room admissions and inpatient care (Nimmer,
Hoffmann, Dasgupta, Panepinto, & Brousseau, 2015). Given these significant medical effects,
SCD results in approximately half of a billion dollars of direct health costs and an unknown
amount of indirect costs each year (Kauf, Coates, Huazhi, Mody-Patel, & Hartzema, 2009;
Steiner & Miller, 2006). A majority of these costs result from emergency room utilization
(Blinder et al., 2013; Brousseau, Owens, Mosso, Panepinto, & Steiner, 2010; Hemker,
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Brousseau, Yan, Hoffmann, & Panepinto, 2011; Wolfson, Schrager, Coates, & Kipke, 2011) and
other hospital expenses (Davis, Moore, & Gergen, 1997; Steiner & Miller, 2006).
Furthermore, youth with SCD are at risk for neurocognitive, academic, and psychosocial
functioning deficits (Hijmans et al., 2011; Schatz, Finke, Kellett, & Kramer, 2002; Steen,
Fineberg-Buchner, Hankins, Weiss, Prifitera, & Mulhern, 2005). When compared to healthy
matched controls, youth with SCD frequently demonstrate lower Full Scale IQ (FSIQ), Verbal
IQ (VIQ), and Performance IQ (PIQ) scores (Hijmans et al., 2011; Steen et al., 2005). A metaanalysis performed by Schatz and colleagues (2002) supported these findings and suggest that
these scores considerably decline over time. A number of studies have described significantly
lower IQ scores among children with SCD, without a history of stroke, compared to matched
controls (Schatz et al., 2002). Impairments in attention and memory are also commonly reported
among adolescents with SCD (Hijmans et al., 2011; Schatz & Puffer, 2007). Not surprisingly,
academic functioning may also be negatively affected among youth with SCD. When compared
to teens without a chronic illness, youth with SCD are often retained at their grade level and may
demonstrate lower academic achievement relative to their cognitive functioning (Schatz et al.,
2004). Psychosocial functioning may also be impacted among this group. Increased rates of
depression, social withdrawal, and reduced body satisfaction have been reported among
adolescents with SCD (Kumar, Powars, Allen, & Haywood, 1976; Morgan & Jackson, 1986;
Thompson, Gil, Burbach, Keith, & Kinney, 1993).
Although a variety of physiological and neurocognitive effects are associated with SCD,
early diagnosis, new technologies, and improved quality of patient care have increased the
survival of children and adolescents. In fact, survival at 18 years old is approximately 94-98%
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(Quinn, Rogers, McCavit, & Buchanan, 2010). However, in spite of the improved survival of
youth with SCD to 18 years old, illness and death increase after this age and during adulthood.
Rates of mortality and morbidity increase during adulthood among those with SCD
(Lanzkron, Carroll, & Haywood, 2013). Lanzkon and colleagues (2013) suggested that this
increase may reflect a shortage of access to quality health care for adults with SCD after
pediatric care. Increased rates of morbidity, such as pain, pulmonary complications, and
infections, and emergency room utilization occur during adulthood among those with SCD.
Blinder and colleagues (2013) reported that the frequency of emergency department visits
increased three times and number of days in the hospital increased four times following the
transfer to adult care services among these individuals. Importantly, this increase in utilization of
emergency care services has been linked to less than optimal transfer from pediatric to adult care
(Brousseau et al., 2010; Hemker et al., 2011). These findings indicate that individuals with SCD
tend to rely mostly on acute care, rather than preventive care, in the post-transition period
(Blinder et al., 2013; Brousseau et al., 2010; Hemker et al., 2011; Kauf et al., 2009). Given the
higher rates of mortality and morbidity among adults with SCD, increased attention has been
given to the transition of youth from pediatric to adult health care.
Transition to Adult Care
Medical transition has been defined as “the purposeful, planned movement of adolescents
and young adults with chronic physical and medical conditions from child-centered to adultoriented health care systems” (Blum et al., 1993, p. 570). Specifically, the transition process aims
to deliver both comprehensive and age-appropriate access to health care in an organized manner
(Callahan, Winitzer, & Keenan, 2001). Therefore, transition can be understood as a complex
process that focuses not only on the transfer of medical care, but also on the additional medical,
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emotional, psychosocial, and vocational needs of the adolescent (Blum et al., 1993; Griffin et al.,
2013). An understanding of the transition process is crucial because less than optimal transition
to adult care may result in negative health and psychological consequences for youth with
chronic illnesses (Callahan et al., 2001).
Based on the negative health consequences following transition to adult care, federal
organizations have recognized the importance of this process and programs and policies have
been developed to aid the successful transition of youth with chronic illnesses. Notably, the
Federal Department of Health and Human Services began the Healthy People 2010 initiative,
which required an increase in service systems for children with special needs, including access to
coordinated and comprehensive care (US Department of Health and Human Services: Area 16
[USDHHS], 2000). Particularly, this initiative required that youth with special health care needs
receive the services necessary to make suitable transitions to adult care, work, and independence
(National Agenda for Children with Special Health Care Needs: Measuring Success, 1999).
The Maternal Child and Health Bureau (MCHB) addressed the importance of appropriate
transition to adult care with the “Healthy and Ready to Work” program (Schulzinger, 2000). This
program is funded by Title V of the Social Security Act, and focuses on issues faced by youth
with chronic illnesses and disabilities who are preparing to transition from school to work or
greater independence (Schulzinger, 2000). The MCHB has noted that transition is 1 of 6 core
functioning outcomes essential to construct a comprehensive structure of services for all children
with special health care needs (McManus et al., 2013). Following the establishment of this
program, various projects addressing transition to adult care have been established in order to
address key issues in the transition process. For example, some programs focus on the
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assessment of youth who are preparing to transition, the formation of transition planning teams,
and the development of transition materials (Callahan et al., 2001).
More recently, laws and policies have addressed the importance of transition to adult care
among youth with special needs. For example, the Patient Protection and Affordable Care Act
(ACA) acknowledged transition as a fundamental health home service (McManus et al., 2013).
In addition, the Patient-Centered Medical Home Standards created by the National Committee on
Quality Assurance in 2011 contained an explicit obligation to address care transitions for
successful primary care (National Committee on Quality Assurance, 2011). The medical
community has also recognized the importance of transition from pediatric to adult care. More
specifically, the American Academy of Pediatrics, the American Academy of Family Physicians,
and the American College of Physicians endorsed practice-based execution guidelines for the
transition of youth to adult care (American Academy of Pediatrics et al., 2011). In addition,
comprehensive transition planning from pediatric to adult care was again included as a mandate
in the Healthy People 2020 initiative (CDC, 2011). Given the impetus towards the establishment
of appropriate transition programs for youth with chronic illnesses, several models of transition
have been created (Callahan et al., 2001).
One large scale survey of transition programs noted that the majority (38%) of these
programs are adolescent-focused (Scal, Evans, Blozis, Okinow, & Blum, 1999). In other words,
most transition programs are focused on providing transition services for a number of chronic
illnesses, and as such the program is not disease-specific (Callahan et al., 2001). However, a high
number of programs (36%) are considered to be condition-focused (Scal et al., 1999). These
programs are tailored to the specific condition and provide disease-specific services (Callahan et
al., 2001). Many programs are also specialty-focused (26%; Scal et al., 1999). Specialty-focused
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programs provide transition services for a variety of related health conditions (Callahan et al.,
2001). However, the data are limited regarding the efficacy of these disease-specific programs
(Callahan et al., 2001), and little is known about the ability of each model of transition to predict
successful outcomes among youth with SCD.
Despite the creation of multiple transition programs and policies, the efficacy of these
programs remains largely unknown. It is possible that the lack of a consensus regarding the
definition of successful transition is a major barrier to identifying predictors and evaluating
subsequent outcomes. Successful transition to adult care has been defined in many ways. Some
authors broadly define successful transition as any engagement in adult health care services
following pediatric care (Doulton, 2010; Tuchman, Schwartz, Sawicki, & Britto, 2010).
Conversely, other authors define successful transition as the engagement in adult health care
services within a specific time period. For instance, Andermariam and colleagues (2014) defined
successful transition as attendance of at least one outpatient visit at their adult SCD center within
one year of discharge from the pediatric program. Other research focused on the time to adult
health care appointment as the measure of optimal transition (Hankins et al., 2012).
Transition among Youth with SCD
Some pilot transition programs for adolescents with SCD have been described in the
literature (Doulton, 2010; Hankins et al., 2012; Smith, Lewis, Whitworth, Gold, & Thornburg,
2011), but most of the publications addressing transition are descriptive, with little to no
attention given to addressing effectiveness (Doulton, 2010; Smith et al., 2011). One of the few
exceptions is the condition-focused transition program for youth with SCD at St. Jude Children’s
Research hospital (SJCRH), which has detailed the program and examined its feasibility
(Hankins et al., 2012; Porter et al., 2014). SJCRH initiated a transition program for 17- to 19-
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year-old youth and their parents, and reported time from pediatric discharge to an appointment
with an adult care provider as the measure of transition. Prior to the initiation of a transition
program, 15% of youth completed a visit with an adult provider. However, following the
implementation of a transition program, 74% of youth completed their first adult care visit within
3 months of transition (Hankins et al., 2012). Despite the positive evidence regarding the
feasibility of one transition program for youth with SCD, various barriers to transition to adult
care have been well documented in the literature.
Barriers to Transition among youth with SCD. Transition to adult care continues to be
a challenge for youth with SCD. Youth with SCD have reported feeling unprepared for transition
to adult care (Griffin et al., 2013; McPherson, Thaniel, & Minniti, 2009). More specifically,
adolescents with SCD reported concerns regarding their ability to independently manage their
health care needs and obtain or afford health insurance (McPherson et al., 2009; Telfair,
Alexander, Loosier, Alleman-Velez, & Simmons, 2004). Adolescents with SCD also believe
that they need increased practice with the skills necessary to coordinate living arrangements,
manage money, obtain vocational skills, and perform health care management (Abel et al.,
2015). Although adolescents with SCD typically report an awareness of the importance of the
transition process, they often lack sufficient knowledge regarding the process (McPherson et al.,
2009).
Increased utilization of acute care also occurs in the pre-transition period among those
still receiving child-focused services, as revealed in a study with a large group of adolescents
with SCD receiving Medicaid (Blinder et al., 2013). These authors noted that health resource use
and costs increased during the transition period and continued to increase at a greater rate in
adulthood (Blinder et al., 2013). For example, youth were 43% more likely to receive a blood
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transfusion during a pain crisis in adult care compared to pediatric care. An increase in SCDrelated complications in adolescence has been reported (Blinder et al., 2013; Wills et al., 2010).
The frequency of complications, e.g., pain, pulmonary complications, and infection, increased
significantly at 16 years of age. Despite this increase in health complications, youth with SCD
received fewer transfusions, obtained less iron chelation therapy (ICT) when they were
transfused, and utilized hydroxyurea less frequently (Blinder et al., 2013). In other words,
although health-related complications increased during the transition period, these teens were
less likely to receive preventive care, which may lead to a subsequent increase in the utilization
of acute care later on.
As youth with SCD transition from controlled pediatric health care to disjointed adult
care they also encounter limited health insurance options, restricted access to providers with
proficiencies in SCD, and reduced support with health care management (Anie, Telfair, & The,
2011; DeBaun & Telfair, 2012). Given the significant number of barriers to successful transition
to adult care, youth with SCD face an increased challenge to successfully achieve independence
with respect to their health care needs. Thus, based on the increased rates of mortality and
morbidity among youth and adults in the post-transition period and lack of evaluation of the
efficacy of transition programs, it is imperative to understand the predictors of successful
transition in this group.
Predictors of Successful Transition among youth with SCD. Research exploring
factors related to appropriate transition to adult care among people with SCD is quite limited.
One early study noted that self-efficacy may be a possible predictor of successful adjustment to
adult care among youth with SCD (Edwards, Telfair, Cecil, & Lenoci, 2001). In this study, selfefficacy referred to the subjective judgment of one’s ability to employ particular behaviors that
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would lead to chosen outcomes. Self-efficacy has been linked to the facilitation of positive health
behaviors among youth with chronic illnesses (Patterson & Blum, 1996; Rutter, 1993). Edwards
and colleagues (2001) explored the function of self-efficacy on disease severity and health care
utilization among a sample of adults with SCD at 18 years old. Adults with lower levels of selfefficacy at baseline reported more physical and psychological SCD-related symptoms, more
severe SCD pain, and more frequent physician visits at one-year follow-up compared to those
participants who reported significantly greater levels of self-efficacy at baseline (Edwards et al.,
2001). These findings suggest that self-efficacy during pediatric care can be associated with
successful adaptation to adult care, including appropriate health care utilization, among persons
with SCD.
A more recent study explored the potential risk factors that may be related to less optimal
transition to adult care among a cohort of persons with SCD (Andemariam et al., 2014). These
authors explored demographic data, transition clinic attendance, and disease severity as potential
predictors of less optimal transition. Successful transition was defined as attendance of at least
one outpatient visit at the adult health care center within one year after being discharged from the
pediatric SCD program. In this study, 32% of youth did not transition successfully. Insurance
type, gender, and race were not linked to transition. Older age at transition clinic visit was
associated with “unsuccessful” transition in this group. Less severe disease type was linked to
less optimal transition among youth with SCD (Andemariam et al., 2014). However, this study
was limited in its exploration of other possible factors that may be related to successful transition
(e.g., self-efficacy, neurocognitive and psychosocial deficits).
Given the outcomes related to less optimal transition to adult care among youth with SCD
and the link between prior functioning and health care utilization, one would expect that the
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predictors of transition would be more fully understood in the literature. However, based on the
limited prior research on correlates of transition, little is known about predictors of successful
transition to adult care among youth with SCD.
Predictors of Successful Transition among youth with Other Chronic Illnesses
Research findings among youth with other chronic illnesses may help to clarify the
factors that predict successful transition to adult care for individuals with SCD. Studies focused
on youth with spina bifida have linked neuropsychological functioning to successful adaptation
to adult life, defined as the ability of these youths to independently engage in positive health
behaviors during adulthood. Based on this definition, adaptation to adult life may be considered a
proxy for optimal transition to adult care. For example, Heffelfinger and colleagues (2008)
explored neuropsychological functioning, specifically executive functioning, as a predictor of
successful adaptation to functional independence. These authors reported that executive
functioning, in addition to age and level of lesion, were significantly correlated with functional
independence outcome in this group. In addition, executive functioning mediated the effect of
neurological severity on functional independence (Heffelfinger et al., 2008). These findings
suggest that executive functioning, more so than disease factors, may be an important correlate
of functional independence in adulthood among youth with a chronic illness.
Other research among youth with spina bifida suggests that executive functioning may
impact medical adherence, which may be associated with transition to adult care (O’Hara &
Holmbeck, 2013). More specifically, O’Hara and Holmbeck examined medical adherence and
autonomy among a sample of 8-15 year olds diagnosed with spina bifida. In this study medical
adherence referred to compliance with the prescribed medical regimen. Medical autonomy
referred to the development of competence for independence with respect to health care tasks.
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These authors reported that youth with spina bifida in general demonstrated lower levels of
executive functioning ability based on test performance and parent and teacher report (O’Hara &
Holmbeck, 2013). Furthermore, higher levels of executive functioning and parenting behaviors
were associated with higher levels of medical adherence. However, only executive functioning,
based on test performance, was associated with medical autonomy (O’Hara & Holmbeck, 2013).
Overall, findings regarding youth with spina bifida suggest that executive functioning may be an
important correlate of adherence and autonomy following transition to adult care.
Social outcomes have also been linked to quality of life among youth with a chronic
illness (Stancin et al., 2002). Social outcomes refer to social competence, socialization, social
problem solving skills, and social information processing that are important for autonomy and
positive health behaviors. As such, social outcomes over time may reflect youth’s abilities to
perform tasks necessary for successful implementation of the behaviors required for autonomy in
one’s health care, and may also be considered a proxy of transition to adult care. A study
exploring social outcomes among youth with pediatric traumatic brain injury (TBI) reported that
measures of executive function predicted long term social outcomes in this group (Yeates et al.,
2004). Furthermore, results suggested that executive functioning and social-information
processing played a greater role, compared to intellectual ability, in social outcomes among this
group. In other words, executive functioning and social information processing may be linked to
the ability of youth with TBI to achieve autonomy and social competence during adulthood. A
follow up study by Muscara and colleagues (2008) similarly showed that increased executive
dysfunction was associated with weaknesses in social problem-solving skills and poorer social
outcomes among youth with pediatric traumatic brain injury (Muscara, Catroppa, & Anderson,
2008). In summary, research among youth with other chronic illnesses suggests that executive
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functioning may be an integral factor in youth’s adaption and transition to the rigors of adult life.
These findings support an exploration of the implications of executive function on transition to
adult care among youth with SCD.
Executive Functioning
Executive functioning (EF) is a multifaceted construct that involves neurocognitive
processes necessary for planning, selecting, and executing actions that are purposeful and
adaptive, goal directed and future oriented, and socially informed (Gazzaley & D’Esposito,
2007; Lezak et al., 2013; Miller & Cummings, 2007; Suchy, 2016). The structures that are linked
to EF involve both cortical and striatal brain regions (Suchy, 2016). More specifically, findings
from early lesion studies (Goldman-Rakic, 1987; Rakic, Bourgeois, & Goldman-Rakic, 1994)
and functional imaging experiments (Rubia et al., 2001; Rubia, Smith, Brammer, & Taylor,
2003) suggest that such EF skills are largely a function of the frontal lobes. In particular, the
prefrontal cortex and subcortical connections have been implicated in EF (Fuster, 1997).
Two major theoretical views of EF exist in the literature. One view postulates that EF is a
unitary process based on the high levels of intercorrelations among measures of EF (e.g.,
Carlson, Mandell, & Williams, 2004; Miyake et al., 2000). The second view proposes that EF is
a dissociable or componential process (Garon, Bryson, & Smith, 2008). Given the evidence
supporting both views of EF, the research has shifted to an integrative view (e.g., Garon et al.,
2008; Miyake et al., 2000). More specifically, Miyake and colleagues (2000) used Confirmatory
Factor Analysis (CFA) to demonstrate three core components of EF. Notably, the best model
indicated three latent factors that were independent but also demonstrated noteworthy
correlations with each other (Miyake et al., 2000). These three distinguishable core components
of EF are frequently described in the literature (Lehto, Juujärvi, Kooistra, & Pulkkinen, 2003;
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Miyake et al., 2000), and they include inhibition, working memory, and cognitive flexibility or
shifting (Diamond, 2013; Miyake, 2000). Inhibition refers to self-control and selective attention
(Diamond, 2013). Working memory pertains to the ability to hold information in mind in order
to manipulate it (Lehto et al., 2003). Cognitive flexibility or set shifting relates to the ability to
change between mental tasks (Miyake et al., 2000). Out of these three core components products
of EF are garnered, which may include problem solving, reasoning, planning, and other skills
necessary for successful everyday behavior (Collins & Koechlin, 2012; Lunt et al., 2012).
The integrative model of EF has also been researched among children. For example,
Lehto and colleagues (2003) applied this model to children aged 8 -13 years old and found
results similar to the study conducted by Miyake and colleagues (Lehto et al., 2003; Miyake et
al., 2000). Importantly, their findings also identified partially independent latent variables that
were correlated with each other.
Attention and Executive Function
Although often lumped together with executive function, most theories consider attention
to be a separate while somewhat related construct. The relationship between attention and EF
makes sense because the capacity to focus on a task while ignoring extraneous information from
the environment can be considered the initial phase of purposeful behavior (Garon et al., 2008).
Despite these common characteristics and some overlapping cortical structures with EF, the
attention system has distinct neurological underpinnings (Posner & Rothbart, 2007). In fact, the
attention system is comprised of a complex web of connected subsystems based particularly in
the primary parietal-frontal network (Lepsien & Nobre, 2006). Attention systems are also
observed in the anterior cingulate and lateral ventral areas and basal ganglia (Fan, McCandliss,
Fossella, Flombaum, & Posner, 2005; Posner & Rothbart, 2007).
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Research has supported a fundamental role of attention in the development of EF. For
example, Rothbart and Posner (2001, 2006) theorized that an integral relationship exists between
attention and the development of EF among children. More specifically, these authors argue that
the ability to address conflicts during information processing, the most significant milestone in
the maturity of EF, is the result of the development of the anterior attention system (Posner &
Rothbart, 2007). This anterior attention system (coined the “executive attention network”) is
essential for EF through the regulation of other brain networks (Rothbart & Posner, 2006). In
other words, attention appears to play an important role in the development of the components of
EF by allowing children to control the information that they process (Garon et al., 2008).
Furthermore, the perspective that attention plays a role in the modulation of executive
functioning has also been supported in the literature (Garon et al., 2008). For example, Sethi,
Mischel, Aber, Shoda, and Rodriguez (2000) examined attention during infancy as a predictor of
response inhibition at age five. In particular, the authors assessed the use of effective attention
organization strategies among toddlers (in order to cope with separation from their mothers) as a
predictor of effective delayed gratification (i.e., inhibition) at age 5. Differences in attention
during infancy predicted the later ability to inhibit responses and deliberate attention deployment
was a long-term self-regulatory skill across measures and over time.
Attention has been linked to the modulation of other components of executive
functioning. For instance, Espy and Bull (2005) found that performance on attention control
tasks (e.g., statue and visual attention subtests from the NEPSY) differed based on working
memory spans among preschoolers (Espy & Bull, 2005). Other studies reported a relationship
between attention and cognitive flexibility. For example, the control of attention has been found
to significantly impact the performance of children aged 12 months to 4 years old in set-shifting
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tasks (Kirkham, Cruess, & Diamond, 2003; Thelen, Schoner, Scheier, & Smith, 2001; Zelazo,
Muller, Frye, & Marcovitch, 2003). Overall, the literature not only implicates attention as
integral to the development of EF, but also suggests that this ability may be the source of shared
variance underlying numerous EF abilities (Garon et al., 2008).
Attention and Executive Functioning among youth with SCD
Attention and EF difficulties are the most common neurocognitive deficits among youth
with SCD (Hijmans et al., 2011a; Schatz & Roberts, 2007). Children with SCD may be
particularly vulnerable to deficits in attention and EF compared to other neurocognitive deficits
because of their chronic anemia and the dysregulation of cerebral blood flow (Rodgers, Clark, &
Kessler, 1984; Venketasubramanian, Prohovnik, Hurlet, Mohr, & Piomelli, 1994). In other
words, attention and EF deficits may occur due to impairments in the ability of hemoglobin to
transport oxygen to the frontal lobes because the frontal lobes are vulnerable to decreased
oxygenation due to their increased amounts of white matter (Kral et al., 2003; Rodgers et al.,
1984; Serjeant, 1997).
Results from various studies that examined EF among youth with SCD have consistently
found deficits. For example, difficulties with attention and EF including processing speed (Wills
et al., 2010), concentration (Nabors & Freymuth, 2002), distractibility (Steen et al., 2003),
planning and visual-spatial working memory (Hijmans et al., 2011a), and initiation and
organization (Berg, Edwards, & King, 2012) are commonly found among youth with SCD.
Further difficulties with attention are well documented among youth with SCD (Brown et al.,
1993; Noll et al., 2001). For example, children with SCD performed worse on measures of
sustained attention compared to their unaffected siblings (Brown et al., 2000) and peers (Hijmans
et al., 2011).
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Taken together, findings in the literature suggests an increased likelihood of difficulties
in both attention and executive functioning among youth with SCD (Brown et al., 1993; DeBaun
et al., 1998; Goonan, Brown, Buchanan, & Eckman, 1994; Rodgers et al., 1984; Schatz et al.,
1999). During every day functioning these difficulties with attention and EF manifest as
forgetfulness, distractibility, disorganization, inflexibility or overdependence on routine, slow
task completion, and problems with multitasking (Wills et al., 2010). Given the importance of
successful transition and documented deficits in attention and EF among youth with SCD, it is
integral to explore the association between inattention and executive dysfunction and successful
transition to adult care in this group.
Objectives/Rationale
In the few cases where this has been studied, EF has been linked to successful adaptation
and transition to adult care among youth with chronic illnesses; however, the relationship
between attention, EF, and successful transition to adult care among youth with SCD has
received no consideration. As far as we are aware, no published studies have addressed the
possible link between attention and executive functioning in adolescence and successful
transition to adult care among persons diagnosed with SCD. Therefore, the specific objectives
were three-fold. First, we aimed to report overall attention and executive functioning among
youth with SCD. Second, latent variable modeling was utilized to determine the number and
nature of factors that might account for the variation and covariation among the variables that
have been selected to measure attention and executive functioning. Third, we examined the
ability of the latent variables to predict successful transition to adult care in a longitudinal sample
of youth with SCD. As research focusing on successful transition to adult care is limited, we, of
necessity, defined this construct in a global, exploratory manner— time to first adult clinic
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appointment and the attendance of the first adult care appointment within 6 months of transition
from pediatric care. We hypothesized that inattention and executive dysfunction will predict less
optimal transition to adult care.
Methods
Participants
Data were drawn from youth who received routine neuropsychological testing and
completed the transition to adult care program through the Hematology and Psychology
departments at SJCRH. More specifically, participants included those who (1) completed
neuropsychological testing before 9/30/2016, (2) were 16 – 18 years old at the time of testing,
and (3) completed the transition to adult care program.
Procedures
SCD Neuropsychology Screening. All adolescents in the SCD clinic are scheduled to
receive a 2-hour neuropsychology screener at age 16 -18. This screening examination is a part of
comprehensive care at SJCRH and measures multiple domains of neuropsychological
functioning (described below).
Transition process at St. Jude. All patients in the SCD teen clinic at SJCRH are also
included in the transition program (Hankins et al., 2012). This program includes various
preparation activities, consisting of tours of nearby adult health care facilities and training
programs intended to teach patients how to independently manage their health care (Hankins et
al., 2012; Porter et al., 2014). For each patient a readiness assessment tool was completed by the
treatment team to determine transition readiness (Porter et al., 2014). Teens in this program are
transitioned to adult care at age 18 unless they are completing their senior year in high school.
Those who are currently enrolled in high school when they turn 18 are transitioned to adult care
as soon as they graduate. However, patients who turn 18 prior to their senior year in high school
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are transitioned at that point in time (i.e., prior to high school completion). Thus, all patients are
approximately 18 years old at the time of transition. Youth who transition are followed for
approximately one-year post-transition by a team at SJCRH assembled for this purpose. Data are
gathered by the transition team during the post-transition period, including the time to first
appointment at the adult care organization, number of appointments following transition, and
emergency health care utilization.
Measures and coding of items of Interest
Sample Demographics. Demographic information including disease type, age, sex, and
race was gathered from the medical record. Given the number of SCD disease types, adolescents
were coded according to the most prevalent disease types and classified into 1 of 4 categories
(Wills, 2013): (0) HbSS, (1) HbSC, (2) Hb-S-beta-Plus thalassemia, (3) Hb S Zero Thalassemia
and (4) All other disease types. Age was coded as a continuous variable. Regarding sex,
participants were coded as (0) male and female (1). Given that the vast majority of patients in the
SCD clinic at SJCRH are African American (Hankins et al., 2012; Porter et al., 2014), race was
coded as (1) African American and any other race was coded as (0). Although not examined in
this study, participants were asked to provide other general demographic information (e.g.,
grade, school) through self-report.
Successful Transition. Successful transition was examined on an exploratory basis using
two different measures. Data on clinic attendance was gathered by the transition team from
medical records or by contacting adult clinics. First, successful transition was coded as a
continuous variable; i.e., time in days from transition to the first adult health care provider
appointment. Successful transition was also coded as a dichotomous variable: (0) Did not attend
appointment in adult clinic within 6 months of transition versus (1) Attended one appointment in
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an adult clinic within 6 months of transition. Although adult clinic attendance is the most
common outcome measurement for successful transition (Coyne, Hallowell, & Thompson,
2017), considerable variability exists in the literature regarding its measurement. In this study,
the 6-month time frame was chosen because most pediatric patients are seen once every 6
months or more often if they are receiving disease-modifying therapy (e.g., hydroxyurea or
chronic transfusion therapy; Hankins et al., 2012).
Executive Functioning. Adolescents completed a number of measures of attention and
executive functioning during their SCD neuropsychology screening.
Cognitive Flexibility and inhibition of perseverative responding. The Delis-Kaplan
Executive Function System (DKEFS) is comprised of nine separate subtests designed to provide
a comprehensive assessment of higher level cognitive functioning (Delis, Kaplan, & Kramer,
2001a). These subtests were created using well-known neuropsychological tests; however,
numerous subtests on the DKEFS have subsequently been adapted to reflect current
improvements in the understanding of executive functioning (Delis et al., 2001b). Moderate to
high split-half reliabilities were reported for Verbal Fluency Test – Letter Fluency Condition (.68
– .90) and Color- Word Interference Test (0.62 – 0.86). All other subtests fell within the
moderate to good range for split-half reliability (Homack, Lee, & Riccio, 2005).
Selected subtests from the DKEFS were utilized as measures of cognitive flexibility (i.e.,
DKEFS Trail Making test- conditions 2 and 4) because these tests are believed to measure setshifting (Battery, 1944). Adolescents were asked to rapidly draw lines connecting numbers
(DKEFS - Trail Making Test; condition 2 = number sequencing) and then to switch between
connecting numbers and letters (DKEFS - Trail Making Test; condition 4 = number letter
sequencing). The time taken to complete each sequence and number of errors were recorded as
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raw scores.
Cognitive flexibility, response inhibition and verbal fluency. The DKEFS – Verbal
Fluency test was administered as a measure of verbal fluency. For this measure, patients were
asked to rapidly produce words according to letter and categorical cues. Teens were provided
with 3 letter and 2 categorical cues. The number of correct responses for both letter and category
cues were summed to create a total raw score for this task.
Response Inhibition. The D-KEFS – Color Word Interference: Color naming subtest
was administered as a measure of response inhibition. On the Color Naming subtest patients
were asked to rapidly name a random array of color patches. The time taken to complete this task
was recorded as the raw score.
The Conner’s Continuous Performance Test – second edition (CPT-II) was administered
as a measure of attention and inhibitory control. The CPT-II is a 14-minute computerized
measure that requires adolescents to respond to target cues and inhibit responses to non-target
cues. More specifically, the CPT-II presents 360 target cues (i.e., individual letters) on the
screen, with 1, 2, or 4 seconds between the presentation of letters. Patients were instructed to
press the spacebar for any letter that appears, except the letter “X.” The CPT-II has also
produced excellent reliability and validity scores among young adults (Raz, Bar-Haim, Sadeh, &
Dan, 2014), suggesting that it is a useful tool for the measurement of attention. More
specifically, moderate to high split-half reliability (0.73 to 0.95) and 3-month test-retest
reliability (0.55-0.84) has been demonstrated for the CPT-II (Conners, 2000). CPT-II validity has
mostly been determined from documented association of the task performance and Attention
Deficit/Hyperactivity Disorder symptoms (Epstein et al., 2003). The CPT-II produces five main
outcome measures (i.e., Omission errors, commission errors, hit reaction time [HRT], HRT
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standard error [HRT SE], and detectability [d’]).
Processing speed. The coding subtest from the Wechsler Adult Intelligence Scale –
Fourth Edition (WAIS-IV) was administered as a measure of processing speed. On this test,
patients were asked to transcribe symbols associated with digits as quickly as possible. The
WAIS-IV is a well-used measure that has demonstrated excellent reliability overall. The WAISIV has demonstrated a fairly high consistency. For example, one study reported that during a 2 to
12-week time period, test-retest reliabilities ranged from 0.70 to 0.90. In addition, inter-scorer
coefficients have also been reported to be very high: 0.98 - 0.99 (Wechsler, 2008). This measure
provides a scaled score and percentile for the total time taken to transcribe the digits without
errors.
One outcome measures from the CPT-II was used as a measure of speed (i.e., HRT).
HRT or hit reaction time suggests impulsive responding, especially when fast and joined with
commission errors. However, slow HRT indicates inattention when combined with Omission
errors and/or commission errors (Conners, 2004).
Auditory Working Memory. The Digit Span subtest from the WAIS-IV was administered
as a measure of auditory working memory. On the WAIS-IV, teens were required to repeat a
series of digit strings in order, repeat another series backward, and organize a series of numbers
in sequence. The coding subtest on the WAIS-IV has demonstrated an overall reliability of 0.87.
A total scaled score and percentile were obtained from this test. In addition, scaled scores were
gathered from participants’ scores on the forward, backward, and sequencing conditions.
Parent-reported measure of EF. The Behavioral Rating Inventory of Executive
Function, parent-report version (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000) was
administered to parents as a measure of EF. The BRIEF yields three composite scores:
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Behavioral Regulation Index [BRI], Metacognition Index [MI], and Global Executive Composite
[GEC]). The BRI provides a measure of the use of inhibitory control to change behaviors and
emotions garnered from the Inhibit, Shift, and Emotional Control subscales (Hensler et al.,
2014). MI measures a person’s capability to monitor responsibilities and functioning. The MI
composite score is garnered from the Initiate, Working Memory, Plan/Organize, Organization of
Materials, and Monitor subscales. The GEC consists of a summary of 8 distinct subscales, 3
obtained from the BRI (Inhibit, Shift, Emotional Control) and 5 obtained from the MI (Initiate,
Working Memory, Plan/Organize, Organization of materials, and Monitor). The BRIEF has
demonstrated high internal consistency for both the GEC (Cronbach’s alpha = .97) and subscales
(Cronbach’s alpha >.80). This measure has also demonstrated high construct validity as
measured by correlations with general behavioral functioning measures (Gioia et al., 2000).
Parent-reported Attention and Adaptability. The Behavior Assessment System for
Children-2 (BASC-2) was administered to all parents as a measure of their child’s psychosocial
adjustment and daily living (Reynolds, 2010). The BASC-2 consists of 150 questions that result
in 14 scale scores: Hyperactivity, Aggression, Conduct Problems, Anxiety, Depression,
Somatization, Atypicality, Withdrawal, Attention Problems, Adaptability, Social Skills,
Leadership, Activities of Daily Living, and Functional Communication. Four composite scores
are obtained from the scale scores: (1) Externalizing Problems, (2) Internalizing Problems, (3)
Behavioral Symptoms Index, and (4) Adaptive Skills. In this study, the Attention Problems and
Adaptability scales were utilized as parent-reported measures of difficulties with sustained
attention and ability to adapt to changes in routine. The BASC-2 is also a well utilized scale with
well-established reliability and validity (Reynolds, 2010).
Attention. The CPT-II was also administered as a measure of attention (please see
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description above). Three outcome measures from the CPT-II were used as measures of attention
(i.e., Omission errors, commission errors, and d’). Omission errors are the number of target cues
(i.e., all letters except “X”) that the individual did not respond to. Omission errors indicate poor
accommodating to the task and slow response time (Conners, 2004). The commission score
reflects the number of times that the patient responded to a non-target cue (i.e., “X”), and was
used as an additional measure of response inhibition. Detectability (d’) indicates how well the
patient distinguishes between target and non-target cues (Conners, 2004; Conners et al., 2003).
Intellectual Functioning. The Wechsler Abbreviated Scale of Intelligence-II (WASI-II;
Wechsler, 1999) was administered as a measure of intellectual functioning. An abbreviated IQ is
gathered from this measure. The WASI-II is a commonly used intelligence measure, which has
demonstrated excellent reliability and validity in child populations (Wechlser, 1999). Two
subtests were used as a screener for each participant’s IQ: Vocabulary and Matrix Reasoning.
Standard Scores are produced from this measure.
All tests that produced raw scores were subsequently converted to standardized
distributions (i.e., standard, scaled or T-scores) and then standardized to z-scores (z). All of these
variables were treated as continuous.
Analytic Plan
Attention and Executive functioning variables served as indicators for exploratory factor
analyses and were used later as independent variables. Both exploratory definitions of successful
transition were analyzed separately as the dependent variables. Several exploratory methods of
analysis were utilized in order to examine the ability of measures of attention and executive
functioning to predict successful transition to adult care. Latent variable modeling (Muthén &
Muthén, 1998-2012), which can incorporate exploratory factor analyses (EFAs) within a large
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regression model, was used. More specifically, exploratory structural equation modeling (ESEM)
was used to determine if higher-order latent executive functioning/attention variables predict (a)
time to first adult care appointment (ESEM with survival analysis); and (b) successful transition
(ESEM with logistic regression). The analyses proceeded in a number of steps:
Step 1 – Screening. Prior to analysis, the independent variables were examined in IBM
SPSS version 23 for accuracy of data entry, missing values, and fit between their distributions
and the assumptions of multivariate analysis. The dependent variables (i.e., time of first adult
care appointment and attendance of the one adult clinic appointment within 6 months) and
predictors (i.e., independent variables) were examined for out of range values, plausible means,
and standard deviations and univariate outliers. Goodness-of-fit tests were performed in order to
demonstrate the appropriateness of the proposed model. Inter-item correlations were reviewed to
establish the appropriateness of the EFA (Tabachnick & Fidell, 2007). A sizeable number of
correlations were found among the indicators which supported the proposed analyses.
Step 2 - Exploratory Structural Equation Modeling/ Exploratory Factor Analysis
(ESEM/EFA). EFAs were utilized in order to determine the higher order factors that may be
present among a variety of observed executive functioning/attention measures. These latent
variables were then used as hypothesized predictors of outcomes. Eighteen observed items were
included from the eight measured domains of attention and executive functioning (i.e., cognitive
flexibility, verbal fluency, response inhibition and cognitive flexibility, processing speed,
auditory working memory, intellectual functioning, and parent reported executive functioning,
attention, and adaptability; see Table 1).
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Table 1.
Description of Indictors for Exploratory Structural Equation Modeling.
Domain
Indicators
Cognitive Flexibility
1.   DKEFS – Trail Making, Condition 2
2.   DKEFS – Trail Making, Condition 4
Verbal Fluency
3.   DKEFS – Verbal Fluency
Response Inhibition
Attention

4.   DKEFS – Color Naming
5.   CPT-II – Commission Errors
6.   CPT–II – Omission errors
7.   CPT-II - Hit rate
8.   CPT-II - Variability
9.   CPT-II - Detectability
10.  CPT-II - Perseverations

Processing Speed

11.  WAIS-IV – Coding

Auditory Working Memory

12.  WAIS-IV – Digit Span

Parent-reported Executive
Functioning

13.  BRIEF – Behavior Regulation Index
14.  BRIEF – Metacognition Index
15.  BRIEF – Global Executive Composite

Parent-reported Attention and
Adaptability
Intellectual Functioning

16.  BASC-II – Attention Problems subdomain
17.  BASC-II – Adaptability subdomain
18.  WASI-II – Abbreviated Intellectual Quotient

ESEM in Mplus version 7.4 (Muthén & Muthén, 1998-2012) is similar to EFA in that it
is used to determine the number of continuous latent variables that are needed to explain the
correlations among a set of observed variables (Muthén & Muthén, 1998-2012); but, allows
these latent factors to serve as independent, dependent, and/or other variables within a large
SEM framework (Asparouhouv & Muthén, 2009).
Step 3 – Prediction of Time to Event (Survival Analysis Model). Time to successful
transition was examined using survival analyses. Mplus version 7.4 (Muthén & Muthén, 19982012) was utilized for the survival analysis, also known as time to event analysis. Survival
analyses are a collection of statistical analyses that are generally used to describe, explain, or
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predict the occurrence or timing of events (Hancock & Mueller, 2010). This method of analysis
was used in order to assess how the executive functioning/attention factors predicted
adolescents’ successful transition to adult care based on the continuous time intervals (i.e., days)
between transition and the occurrence of their adult care appointment (Tolles & Lewis, 2016).
The origin time was the date of transition from pediatric care at SJCRH and time to event was
measured in continuous time (i.e., days). Missing data were handled using the Full Information
Maximum Likelihood estimation (FIML; Enders, 2010; Little, Jorgensen, Lang, & Moore,
2014). FIML considers all existing data when estimating parameters (Little et al., 2014).
Step 4 – Prediction of 6-month Transition Status. Successful transition was also
examined using ESEM regression analyses in Mplus version 7.4 (Muthén & Muthén, 19982012). Successful transition was coded as a dichotomous variable (0) Did not attend appointment
in adult clinic within 6 months of transition (1) Attended one appointment in an adult clinic
within 6 months of transition. Consequently, for each significant independent variable predicting
a dependent variable, odds ratios (ORs) were reported. When odds ratios are less than one, we
calculated protected odds ratios (1 divided by the value of the odds ratio) in order to aid
interpretation.
Results
Participants
Table 2 displays the demographic characteristics of the participants. The final total
sample was composed of 58 participants. The mean (SD) age at the time of screener
administration was 17.98 (0.83) years and mean age at the time of transition out of care at
SJCRH was 18 years. All of the participants were African American with 55.2% being male. The
majority of the sample (48.3%) belonged to the HbSS genotype. Regarding neurological issues,
one participant (1.7%) reported a prior stroke, five (9.3%) reported one prior seizure, and seven
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(13%) reported a previous head injury. The majority of the sample (86.2%) attended their first
adult health care appointment within 6 months of the last pediatric appointment with the mean
(SD) time to transition being 52.1 (39.4) days. There were no significant differences in age,
gender, or insurance type between those who transitioned within 6 months and those who did not
(see Table 2).
Table 2.
Sample Characteristics and differences between those who transitioned within 6 month
Demographic Variables
Count (N = 58) Percent (%)
Chi-Square (χ2)
Gender
0.72
Male
32
55.2
Female
26
44.8
Ethnicity
-White
0
0
Black
58
100
Genotype
0.12
HbSS
28
48.3
HbSC
16
27.6
Hb S Beta Plus Thalassemia
8
13.8
Hb S Zero Thalassemia
4
6.9
Other
2
3.4
Transition
-Within 6 months
50
86.2
Not within 6 months
8
13.8
Insurance Type
0.76
Public
47
81
Private
8
13.8
None
3
5.2
Neurological Issues
Stroke
1
1.9
0.85
Seizure
5
9.3
0.43
Head Injury
7
13
0.57
Step 1 - Screening and Neurocognitive Performance
Data were screened for missing and out of range variables. High levels of missing values
were found for the DKEFS Color Naming variable (72.4% missing) and this indicator was
removed from the analyses. Inter-item correlations were reviewed to establish the
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appropriateness of the EFA (Tabachnick & Fidell, 2007). A sizeable number of correlations were
found among the indicators which supported the proposed analyses.
Table 3 presents the results from the sample on measures of neurocognitive functioning.
Mean performance on most measures was in the below average to average range for all
participants. The mean Full Scale IQ and Perceptual Reasoning Index of the sample were below
average. Mean performance on a measure of cognitive flexibility (DKEFS Trail Making –
Number-Letter Sequencing) fell in the Borderline range for the sample. The mean performance
on a measure of cognitive inhibition (DKEFS color naming) also fell in the below average range.
Table 3.
Means and Standard Deviations of the Independent Variables, and statistical values indicating
group differences between those who attended an appointment with an adult care provider
within 6 months and those who did not
Entire sample
Group
Differences
Dependent Variables
M
SD
Ps
Number of days to first adult health care appointment
52.1
39.4
Independent Variables
WASI-II
>0.05
Block Design
6.24
2.83
>0.05
Matrix Reasoning
8.02
2.77
>0.05
Vocabulary
7.64
2.50
>0.05
Similarities
7.30
2.15
>0.05
VCI+
86.47
10.49
>0.05
PRI+
83.71
13.30
>0.05
FSIQ+^
84.84
11.24
>0.05
DKEFS
Letter Fluency^
8.28
3.04
>0.05
Category Fluency^
8.41
3.90
>0.05
Number Sequencing
7.29
3.73
>0.05
Number-Letter Sequencing
5.82
3.63
>0.05
Color Naming
7.75
2.76
0.03*
WAIS-IV
Coding^
8.03
2.24
>0.05
Digit Span total^
8.20
1.95
>0.05
Digit Span Forward
8.25
2.63
>0.05
Digit Span Backward
8.91
2.74
0.01*
Digit Span Sequencing
8.67
2.43
>0.05
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Table 3 (continued)
Means and Standard Deviations of the Independent Variables, and statistical values indicating
group differences between those who attended an appointment with an adult care provider
within 6 months and those who did not
CPT-II
Omission errors**^
51.54
10.37
0.02*
Commissions**
50.20
10.25
0.02*
Hit Rate**^
46.45
13.37
>0.05
Variability**^
53.71
11.38
>0.05
Detectability**^
50.40
7.98
0.03*
Response Style**^
52.63
14.83
>0.05
Perseverations**^
51.93
13.29
0.00*
BRIEF – Parent report
Behavior Regulation Index**^
50.52
10.74
>0.05
Metacognition**^
51.11
10.09
>0.05
Global Executive Composite**^
50.74
10.20
>0.05
BASC-2, self-report
Attention Problems**^
51.03
10.84
>0.05
Inattention/Hyperactivity**
51.42
9.15
>0.05
Emotional Symptoms Index**
46.72
10.27
>0.05
BASC-2, parent-report
Attention Problems**^
52.92
9.70
>0.05
Behavior Symptoms Index**
49.38
9.08
>0.05
Adaptability**
47.85
10.93
>0.05
*Significant Difference +Standard Scores **T-scores ^Used in exploratory analyses
Step 2 – Exploratory Structural Equation Modeling (ESEM)
Exploratory Structural Equation Modeling was conducted in a number of steps. First, an
initial EFA (ESEM without a regression model) was conducted and solutions that met
recommendations for good or better fit and theoretical appropriateness of items by factor or
loading directions following visual inspection of the scree plot and parallel analysis were
retained for consideration. For the Exploratory model, fit statistics of the model were conducted
using Mplus version 7.4 using maximum likelihood estimation with robust standard errors
(MLR) to account for non-normal data. Given the expected correlations between factors, Geomin
rotation, an oblique rotation that allows for correlations between factors was utilized. Model was
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evaluated using the Chi-Square (χ2) statistic, and the Bayesian Information Criteria (BIC;
Schwarz, 1978) and Akaike Information Criterion (AIC; Akaike, 1987). Because the chi-square
statistic is also sensitive to sample size (Hu & Bentler, 1999), models with the lowest AIC and
BIC were preferred (AIC = 433.12, BIC = 437.03). Other fit statistics like the Comparative Fit
Index (CFI), Root Mean Square Error of Approximation (RMSEA), and Standardized Root
Mean Square Residual (SRMR) were not available with ESEM models with time to event data.
Second, another EFA was conducted after removing items with non-significant loadings or out of
range parameters. Third, another EFA was conducted and a final solution was retained. Fourth,
after retaining a final EFA model, a review of items by factor was conducted. Each step is
described in greater detail below.
ESEM Step 1. EFAs were conducted specifying one through six factors. After
conducting an initial EFA, a visual review of the scree plot (Figure 1) suggested that a 2-factor
solution provided the best model fit. In other words, Cattell’s (1966) scree test suggested that a
two-factor solution was most appropriate and should be retained for further examination. This
was further supported by the results of the parallel analysis, which showed only two factors with
eigenvalues exceeding the corresponding criterion values for a randomly generated data matrix
of the same size (Pallant, 2010). Among these models only the two-factor solution demonstrated
both appropriate item loadings on a majority of the indicators and theoretical appropriateness of
items by factor.
ESEM Step 2. The factor loadings from the 2-factor solution were reviewed and items
with out of range and/or negligible factor loadings were removed. This review suggested
removing item DKEFS Trail Making (Conditions 2 and 4), Commissions, and BRIEF GEC and
BRI based on negligible factor loadings, -0.17, -0.01, 0.29, and 0.05 respectively.
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Figure 1.
Scree plot for the Exploratory Factor Analysis.
ESEM Step 3. Results of EFA for the remaining 14 items again favored the two-factor
model based on fit, item loadings, and items by factor. Moreover, inspection of the factor
loadings revealed the presence of many coefficients of 0.3 and above. The two factors identified
in the retained model are presented in Table 4. Each factor contained appropriate items and
loadings. Therefore, two factors, one 7 item and one 6 item were retained for review.
ESEM Step 4. The final step involved a review of the loadings for each factor. The
interpretation of the two factors was consistent with previous research of models of executive
functioning/attention with attention-related items loading strongly on Factor 1 and speed
(processing and output) items loading strongly on Factor 2. Based on the content of these factors,
Factor 1 was named “Attention” and Factor 2 was named “Speed (processing and output).”
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Table 4.
Summary of Factor loadings for 14 item two factor EFA (N=58)
Factor Loadings
Items
Factor 1
Factor 2
Metacognition
0.64*
0.06
FSIQ
-0.17
0.17
Letter Fluency
-0.27
0.39*
Category Fluency
0.04
0.32*
Coding
-0.21
0.43*
Digit Span Total
-0.18
0.08
Omission errors
0.65*
0.00
Hit rate
0.01
-0.91*
Variability
0.78*
-0.01
Detectability
0.48*
0.74*
Response Style
-0.01
-0.75*
Perseverations
0.63*
0.16
Self-reported attention problems
0.33*
-0.10
Parent-reported attention problems
0.81*
-0.04
Note. *Significant factor loadings above 0.30.
More specifically, Factor 1 appeared to reflect attention based on item content. For
example, items with higher loadings on self- and parent-reported measures of attention and on
performance measures of attention (e.g., Variability, Detectability, and Omission errors from the
CPT-II) loaded onto this factor. Factor 2 appeared to reflect speed (processing and output). For
instance, items with higher loadings on performance measures of speeded output (e.g., Letter
Fluency and Category Fluency from the DKEFS-2), processing speed (i.e., Coding from the
WAIS-IV and Hit Rate from the CPT-II), and inattention (i.e., Detectability and Response style
from the CPT-II) comprised this factor.
Step 3 – ESEM with Survival Analysis: Prediction of transition – Time to Event
Mplus version 7.4 (Muthén & Muthén, 1998-2012) was utilized for the analysis of
continuous time survival (time to event) in a latent model. In this analysis the time interval
between the end of pediatric care and the beginning of adult care was used to evaluate transition
success. The proportional hazard model served as the basis for modeling the time-to-event
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variables. For the purposes of this study, the Cox regression model was used because it assumed
a nonparametric shape for the baseline hazard function (Singer & Willett, 2003).
The beginning point was the date of the last appointment at SJCRH and the end point was
the date of the first attended appointment with the adult care provider. Prior to the analyses, time
in days from the last date seen at SJCRH to the date of the first attended appointment was coded
for each participant. Participants who had not attended their first adult care appointment at the
time of the data analyses (> 6 months past their last appointment at SJCRH) were censored.
Censoring is a statistical technique used because the event of interest (attendance of first adult
health care appointment) is not observed in all patients and as such the time to event occurrence
for these participants is hidden and there was no way to know if the event will ever occur (Tolles
& Lewis, 2016). A total of six participants were censored in these analyses. For the purposes of
this study, participants with censored data were not considered to have successfully transitioned
to adult care.
Following the data preparation, the two factors produced from the ESEM were utilized as
the independent variables while time to event represented the dependent variable. Mean (SD)
time to first adult health care appointment (for those who transitioned) was 52.1 (39.4) and
ranged from 13 to 197 days. Results suggested that the latent factors of Attention and Speed
were not significant predictors of the time to transition to adult care (Table 5).
Table 5.
Multiple Regression Analyses Predicting Time to Transition
Independent
Variables

Estimate

S.E.

Est./ S.E.

p value

Attention

-0.15

0.17

-0.87

0.38

0.01

0.15

0.07

0.94

Speed
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Step 4 – ESEM with Logistic Regression: Prediction of transition within 6 months
Logistic regression in Mplus version 7.4 (Muthén & Muthén, 1998-2012) was used to
examine the two latent factors (Attention and Speed) as predictors of the dichotomous dependent
variable: (0) Did not attend appointment in adult clinic within 6 months of transition (1)
Attended one appointment in an adult clinic within 6 months of transition. The direct effects of
Attention and Speed were not significant predictors of attendance of an adult clinic appointment
within 6 months of the last pediatric appointment (Table 6).
Table 6.
Logistic Regression Analyses Predicting Transition within 6 months of last pediatric
appointment
Independent
Variables

Estimate

S.E.

Est./ S.E.

p value

Attention

0.51

0.57

0.89

0.37

Speed

0.33

0.50

0.66

0.51

Post hoc Multivariate Regression Analyses
Given the non-significant findings from the ESEM (i.e., utilizing two latent factors as
independent variables), a series of regression models using individual observed variables were
run in Mplus version 7.4 (Muthén & Muthén, 1998-2012). More specifically, variables with the
highest loadings from Factor 1 (Attention) were further explored as predictors of time to
transition and successful transition within 6 months. Attention was the focus of these analyses
because this factor demonstrated a stronger relation to outcomes during both prior survival and
regression analyses in ESEM (Tables 5 and 6). For each of the two dependent variables (i.e.,
time to event and attendance of first adult health care appointment within 6 months), the
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regression model was saturated with the four independent variables with the highest loadings
from Factor 1 (i.e., Metacognition, Omission errors, Variability, and Parent-reported attention
problems).
Time to Event. Regression examined the independent variables (mentioned above) as
predictors of the dependent variable: time to event. In this analysis, the direct effects of
Metacognition, Variability, and Parent-reported attention problems were not significant
predictors of time to transition (p’s > .05). Although the direct effect of Omission errors was not
a significant predictor of time to transition, there was a trend toward significance (p = 0.06).
Attendance within 6 months. Logistic regression examined the independent variables
(mentioned above) as predictors of the dichotomous dependent variable (0) Did not attend
appointment in adult clinic within 6 months of transition (1) Attended one appointment in an
adult clinic within 6 months of transition. In this analysis, the direct effects of Metacognition,
Variability, and Parent-reported attention problems were not significant predictors of adult health
care attendance within 6 months of transition (p’s > .05).
The direct effect of Omission errors was statistically significant (see Table 7). The odds
ratio was less than one so we calculated a protected odds ratio (1 divided by the value of the odds
ratio) in order to aid interpretation. Therefore, for every one-unit increase in Omission errors the
odds of transitioning in over 6 months increases by 3.24 (OR = 3.24, p = 0.03). In other words, as
Omission errors increased the odds of successful transition decreased.

35
	
  

Table 7.
Post hoc multivariate regression analyses
Independent
Variables

Estimate

S.E.

Est./ S.E.

p value

Metacognition

-0.29

0.75

-0.38

0.70

Omission errors

-1.17

0.54

-2.17

0.03

Variability

-0.14

0.50

-0.28

0.77

Attention
problems

1.14

0.69

1.64

0.10

Discussion
In the few cases where this has been studied, EF has been linked to successful adaptation
and transition to adult care among youth with chronic illnesses; however, the relationship among
those with SCD has received no consideration. Therefore, this study is unique in its focus on
attention, EF, and successful transition to adult care among youth with SCD. Findings from an
EFA suggested that a two-factor solution was most useful. Factor loadings appeared to reflect (1)
Attention and (2) Speed. Surprisingly, these factors did not predict transition to adult care using
the two exploratory definitions of transition. However, results from a post hoc multivariate
regression analysis demonstrated that Omission errors from the CPT-II successfully predicted
attendance of the first adult health care visit within 6 months of the last pediatric health care
appointment.
Commensurate with prior research at SJCRH (Hankins et al., 2012) and other hospitals
with specialty transition programs (Allemang et al., 2016), participants in this study completed
their first adult care visit at a high rate (86.2%). This study extends prior research by also
reporting the mean (SD) time in days to transition, i.e., 52.1 (39.4) days, suggesting that the
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majority youth attended their adult health care visit within the recommended 6-month time limit
(Hankins et al., 2012). These findings support the utility of transition programs based on the high
rate of successful transition from pediatric to adult health care within this sample. Despite these
hopeful findings, 13.8% of the sample did not attend their adult health care appointment.
Furthermore, 75% of those who did not attend were more likely to become censored data and
possibly lost to follow-up (described above). Given the increased rates of mortality and
morbidity among persons with SCD during early adulthood (Lanzkron, Carroll, & Haywood,
2013), it is imperative to continue to examine factors that may be related to successful transition
from pediatric to adult health care among youth with SCD.
A pattern of neurocognitive difficulties was observed among this population. Similar to
prior research, adolescents in this sample had lower Full Scale IQ (FSIQ), Verbal
Comprehension and Perceptual Reasoning Index scores, and performed worse on measures of
executive function and attention, including cognitive flexibility and inhibition, compared to
norms from same-aged peers (Hijmans et al., 2011). Cognitive delays have been consistently
reported among children with SCD. Children with SCD have been found to have neurological
insults that may affect long term cognitive and behavioral outcomes. For instance, Wang and
colleagues (1998) found CNS abnormalities in children with SCD aged 7 - 48 months. These
insults may be responsible for the diffuse developmental delays that have been reported in
infants with SCD. For example, Hogan and colleagues compared infants with SCD and matched
age and ethnic controls at 3, 9 and 12-months of age using the Bayley Infant
Neurodevelopmental Screener (BINS). They found a higher risk for neurodevelopmental delay
that increased with age in children with SCD (Hogan et al., 2006). Of note, in that sample,
increased risk was associated with increased cerebral blood flow velocity (an indicator of
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vascular stenosis and stroke risk), suggesting that early neurological compromise impacts the
cognitive development of children with SCD (Hogan et al., 2006). However, similar to the
current study, cognitive and motor development interruptions have been reported in the absence
of overt stroke (Glass et al., 2013). Therefore, developmental delay in SCD can occur with or
without the presence of a stroke; but, stroke occurrence and risk exacerbate the level of
impairment (Bernaudin et al., 2000; Schatz, White, Moinuddin, Armstrong, & DeBaum, 2002).
These findings support previous research suggesting that youth with SCD are particularly
vulnerable to difficulties with neurocognitive functioning.
One significant goal of this investigation was to better understand the structure of
attention and executive function among youth with SCD. Previous research among children and
adults utilizing exploratory modeling has supported the existence of multiple dimensions of EF
(e.g., Brookshire, Levin, Song, & Zhang, 2004; Miyake et al. 2000), but limited research has
been conducted among youth with SCD. Results from the EFA suggested that a two-factor
solution for the variables thought to represent attention and EF was most appropriate. This
multiple factor solution supports prior research regarding an integrative structure of EF (Miyake
et al., 2000). In this study, Factor 1 “Attention” reflected self and parent-reported attention and
performance measures of attention (e.g., Omission errors, Variability, Detectability, and
Perseverations from the CPT-II). Items loading on Factor 2 appeared to reflect “Speed
(processing and output).” More specifically, measures of speeded output (e.g., Letter Fluency
and Category Fluency from the DKEFS-2), processing speed (i.e., Coding from the WAIS-IV,
Hit Rate [hit reaction time] from the CPT-II), and inattention (i.e., Detectability and response
style from the CPT-II) loaded onto this factor. Notably, measures of attention loaded onto both
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factors supporting the literature which states that attention plays an integral role in executive
functions (Garon et al., 2008; Rothbart & Posner, 2001, 2006).
Despite the observation of two latent factors (Attention and Speed) thought to represent
attention and EF, they did not successfully predict transition to adult care in this study. However,
Omission errors from the CPT-II successfully predicted attendance of an adult clinic
appointment within 6 months of the last pediatric appointment. In this study, as Omission errors
scores increased, the odds of successful transition decreased. As a reminder, Omission errors are
a measure of the failure to respond to target items on the CPT-II and higher scores reflect more
inattention (Conners, 2000). It has been well documented that youth with SCD are vulnerable to
problems with attention (Brown et al., 1993; Daly et al., 2012; Noll et al., 2001; Schatz et al.,
2002; Schatz & Roberts, 2007). The findings from this study support prior research stating that
attention plays an integral role in EF (Garon et al., 2008). These results further suggest attention
difficulties in youth with SCD may impact their ability to successfully transition to adult care.
Given the vulnerabilities to problems with attention (Brown et al., 1993; Daly et al.,
2012; Noll et al., 2001; Schatz et al., 2002; Schatz & Roberts, 2007), it is possible that the SCD
population may have a profile similar to those with ADHD. Selected research on patients with
SCD has indicated the potential for abnormalities in areas of the frontal lobe (Brown et al., 2000)
and basal ganglia (Pegelow et al, 2002), similar to those found in youth with ADHD. Moreover,
interventions used among those with ADHD have demonstrated optimistic findings in youth with
SCD. For example, Daly and colleagues (2012) examined the use of methylphenidate (MPH; a
stimulant medication used to treat ADHD) among youth with SCD. Their results demonstrated
that MPH administration not only improved parent and teacher reported attention, but also
impacted memory and inhibitory control among 7 – 16 year olds with SCD (Daly et al., 2012).
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These findings support the need for further research regarding the utility of medical interventions
used for ADHD (such as stimulant medications) among youth with SCD, not only to address
difficulties with attention and EF, but also to explore their impact on later transition to adult care.
Metacognition, Variability, and parent-reported attention problems did not predict time to
transition or successful transition within 6 months. However, missing data among these variables
may have led to a reduction in their ability to successfully predict the outcome variables. In
addition, discrepancies between parent-report of difficulties with attention and self-reported or
performance-based inattention may partly explain these non-significant findings. For example,
Verhulst and Ende (1992) reported that teens reported more problem behaviors compared to their
parents. Moreover, the differences were greater in reports of externalizing behaviors compared to
internalizing behavior problems. Thus, it is possible that parents may have underreported
inattention among the youth in this sample. Further research that utilizes multiple informants of
attention and larger sample sizes may be helpful to clarify these findings.
Limitations
This study is not without limitations. Missing data among the variables of interest may
have reduced the statistical power of the exploratory modeling, resulted in bias in the estimation
of factors, and reduced the representativeness of the sample (Kang, 2013). In other words,
missing data may have led to a reduction in the ability of the statistical models to identify latent
factors or may have impacted the loading of items onto factors. In order to address potential bias
based on missing data, subgroup analyses were performed among participants with missing
DKEFS Color Naming scores. As no differences in transition success based on missing Color
Naming scores were found, it is possible that missing data is due to random data collection
issues.
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Though the guidelines published by Wolf, Harrington, Clark, and Miller (2013) suggest
that the sample was adequately powered for a 2-factor solution, it is still possible that the small
sample size may have limited the statistical power (i.e., the probability of rejecting the null
hypothesis when it is false; Cohen, 1988) of the exploratory structural equation models.
The sample from this study represents youth drawn from one clinic with a structured
transition program and as such findings may not be generalizable to youth who do not belong to
similar programs. In addition, the lack of a control group also limits this study’s ability to
generalize the findings. In addition, the current study does not control for a diagnosis of ADHD
or other mental health conditions that may impact engagement with health care (such as
depression). A randomized controlled intervention that compared outcomes among youth who
completed a specialty transition program and those who did not would be better suited to
understand causal directionality,
All patients in the Hematology clinic at SJCRH are scheduled to receive the
neuropsychology screener and complete the transition program; however, teen clinic attendance
among this population is approximately 60% (unpublished data obtained from the Psychology
clinic at SJCRH). Despite attempts by the Hematology and Psychology departments to increase
clinic attendance (e.g., through letter and phone reminders, “Do you know” form creation,
scheduling all appointments on one day to reduce scheduling conflicts), a selection bias favoring
more interested families may have occurred. Future research should incorporate larger sample
sizes and expand the regional representation of the participants to ensure that any group
differences are addressed. Future research may also benefit from additional information about
persons who did not participate because this may help control possible bias.
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Conclusions/ Future Directions
Youth with SCD are vulnerable to difficulties with attention and EF, which may impact
disease self-management and quality of life (Hijmans et al., 2011; Schatz et al., 2002). To our
knowledge, the current research is the first to focus on the potential relationship between
attention, EF, and transition to adult care among youth with SCD. Our findings suggest
important interactions between inattention (as measured by Omission errors from the CPT-II)
and transition to adult care. When inattention increased, patients did not attend the adult clinic
within 6 months. These results are timely, given the increased morbidity and mortality of youth
with SCD in young adulthood, recent attention on transition programs, and the dearth of research
regarding the predictors of successful transition.
Largely, these results support the need for interventions for attention problems in youth
with SCD. Further research is needed to understand the most effective interventions for this
population. For example, a recent trial of Cogmed (an at-home computer-based program
targeting working memory) among youth aged 7 – 16 years with SCD produced optimistic
findings (Hardy, Hardy, Schatz, Thompson, & Meier, 2016). Specifically, youth who completed
Cogmed demonstrated improvements in verbal and visuospatial working memory and
visuospatial short-term memory. Therefore, initial results indicate that Cogmed is associated
with working memory improvement in youth with SCD. However, Cogmed does not address
difficulties with attention and other factors of EF (e.g., speed). Therefore, additional studies that
evaluate the impact of interventions for attention and speed may be beneficial. In addition,
adherence in the Cogmed trial was lower than expected (Hardy et al., 2016). Thus, future
research should address barriers to program completion among youth with SCD.
Recently, a pilot study of a cell phone application called iManage demonstrated
feasibility and utility among a group of 16- 24 year olds with SCD (Crosby et al., 2017).
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IManage is a smartphone or tablet application that allows youth to track pain, fatigue, and mood,
choose self-management goals, and track progress (Crosby et al., 2017). In addition, iManage
has useful features such as a calendar that connects with SCD symptoms and self-management
behaviors as well as access to peer support. However, these authors utilized a small, convenience
sample, and future research may aim to explore these findings using a randomized controlled
trial.
These findings also support the need for further exploration regarding the utility of
stimulant medications among this population. For instance, findings from a pilot study
examining the use of MPH among this population demonstrated improvements in parent and
teacher-reported attention, memory and inhibitory control. Despite these promising results,
adverse side effects reported during this trial warrant further evaluations of the safety of MPH
among youth with SCD (Daly et al., 2012).
Notwithstanding these limitations, the findings from this study elucidate the importance
of further research on the role of attention dysfunction in the successful adaptation and transition
to adult care among youth with SCD.
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